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detect rotation of the rotating portion (2). The rotating
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surface includes a plurality of mirror surfaces (262) that
face radially outward. The mirror portion (24) includes a
rotation detection surface (261) opposite to the detection
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ferential direction in the rotation detection surface (261).
The balance correction portion (27) locates a center of
gravity of the mirror portion (24) closer to the rotation axis
(J1). The rotation of the rotating portion (2) causes the
balance correction portion (27) to pass through a region
to which light is emitted from the detection sensor (36).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 853 935 A1 2

Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinventionrelatesto amirror rotating
apparatus.

2. Description of the Related Art

[0002] A polygon mirror is often used as a laser scan-
ning component in a printer, a digital copy machine, or
the like. JP-H10-325937A discloses a polygon mirror in-
cluding a triangular top surface and three mirror surfaces
around the top surface, and a polygon mirror including a
quadrilateral top surface and four mirror surfaces around
the top surface. In each of these polygon mirrors, an in-
clination angle of each mirror surface, i.e., an angle de-
fined between the mirror surface and the top surface, is
different. Atechnique described in JP-H10-325937A pre-
vents a runout of the polygon mirror by adding an addi-
tional partial shape to the polygon mirror when producing
the polygon mirror by an injection molding process so as
to reduce the degree of eccentricity of the center of gravity
of the polygon mirror with respect to an axis of a rotating
shaft of the polygon mirror. Meanwhile, JP-
2002-218721A discloses a technique of adding cuts to a
rotor housing for a light deflector to achieve balance cor-
rection. The balance correction of the light deflector leads
to reductions in vibrations and noise which occur while
the light deflector is rotating at a high speed.

[0003] Meanwhile,inascannermotorforuseinavideo
tape recorder as described in JP-H5-49225A, an outer
circumferential portion of a rotor yoke includes a flange
portion arranged to project radially outward. The flange
portion is made of a transparent material, and a large
number of detected portions in a color which easily re-
flects light are arranged on a lower surface of the flange
portion by a printing process. In the scanner motor for
use in the video tape recorder, a light emitting element
included in a reflective photoreflector is arranged to emit
light to the detected portions, and a light receiving ele-
ment is arranged to receive the light reflected from the
detected portions, so that a rotational position signal of
the motor is generated. In addition, a rotational position
of a motor may be detected by a magnet provided in a
rotating portion and a magnetic sensor provided in a sta-
tionary portion.

[0004] In a case where the detected portions are pro-
vided by the printing process in a mirror rotating appara-
tus arranged to rotate a mirror portion including a plurality
of mirror surfaces as in the case of the scanner motor
described in JP-H5-49225A, an apparatus for performing
the printing process and a step of performing the printing
process are needed. This leads to an increase in a pro-
duction cost of the mirror rotating apparatus. Meanwhile,
in a case where the rotational position of the motor is
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detected by using the magnet, the magnet needs to be
additionally prepared, and a step of fixing the magnet to
the mirror portion is needed. Moreover, as a result of the
magnet being fixed to the mirror portion, the center of
gravity of the mirror portion may become displaced from
a rotation axis, resulting in an increase in runout.

SUMMARY OF THE INVENTION

[0005] Preferredembodiments ofthe presentinvention
reduce a production cost of a mirror rotating apparatus
in which detection of rotation of a rotating portion is per-
formed.

[0006] A mirror rotating apparatus according to a pre-
ferred embodiment of the present invention includes a
stationary portion and a rotating portion configured to ro-
tate about a rotation axis extending in a vertical direction
with respect to the stationary portion. The stationary por-
tion includes a stator and a detection sensor configured
to detect rotation of the rotating portion. The rotating por-
tion includes a rotor magnet arranged radially opposite
the stator, and a mirror portion whose outside surface
includes a plurality of mirror surfaces each of which is
arranged to face radially outward. The mirror portion in-
cludes a rotation detection surface arranged opposite to
the detection sensor, and a balance correction portion
defined by a groove or a projection extending in a cir-
cumferential direction in the rotation detection surface.
The balance correction portion is arranged to make a
center of gravity of the mirror portion closer to the rotation
axis when compared to a case where the balance cor-
rection portion is not provided. The detection sensor is
configured to emit light toward the rotation detection sur-
face and receive the light reflected from the rotation de-
tection surface. The rotation of the rotating portion caus-
es the balance correction portion to pass a region to
which the light is emitted from the detection sensor.
[0007] Inthe mirrorrotating apparatus according to the
above preferred embodiment of the present invention,
the balance correction portion is used to detect the rota-
tion of the rotating portion, and thus a reduction in a pro-
duction cost of the mirror rotating apparatus is achieved.
[0008] The above and other elements, features, steps,
characteristics and advantages of the present invention
will become more apparent from the following detailed
description of the preferred embodiments with reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 is a vertical cross-sectional view of a mirror
rotating apparatus according to a first preferred em-
bodiment of the present invention.

Fig. 2 is a plan view of a mirror portion according to
the first preferred embodiment of the present inven-
tion.
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Fig. 3is a bottom view of the mirror portion according
to the first preferred embodiment of the present in-
vention.

Fig. 4 is a diagram illustrating pulses outputted from
detection sensors according to the first preferred em-
bodiment of the present invention.

Fig. 5 is a vertical cross-sectional view of a mirror
rotating apparatus according to a modification of the
first preferred embodiment of the present invention.
Fig. 6 is a vertical cross-sectional view of a mirror
rotating apparatus according to a second preferred
embodiment of the present invention.

Fig. 7 is a bottom view of a mirror portion according
to the second preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] It is assumed herein that a vertical direction is
defined as a direction in which a rotation axis of a mirror
rotating apparatus extends, and that an upper side and
a lower side along the rotation axis in Fig. 1 are referred
to simply as an upper side and a lower side, respectively.
It should be noted, however, that the above definitions
of the vertical direction and the upper and lower sides
should not be construed to restrict relative positions or
directions of different members or portions when the mir-
ror rotating apparatus is actually installed in a device.
Also note that a direction parallel or substantially parallel
to the rotation axis is referred to by the term "axial direc-
tion", "axial", or "axially", that radial directions centered
on the rotation axis are simply referred to by the term
"radial direction", "radial", or "radially", and that a circum-
ferential direction about the rotation axis is simply re-
ferred to by the term "circumferential direction", "circum-
ferential", or "circumferentially".

[0011] Fig. 1is a vertical cross-sectional view of a mir-
ror rotating apparatus 1 according to a first preferred em-
bodiment of the present invention. The mirror rotating
apparatus 1 includes a rotating portion 2 and a stationary
portion 3. The rotating portion 2 is arranged to rotate
about a rotation axis J1. The stationary portion 3 is ar-
ranged to rotatably support the rotating portion 2.
[0012] The rotating portion 2 preferably includes a co-
lumnar or substantially columnar shaft 21, a rotor holder
22 substantially in the shape of a covered cylinder, an
annular rotor magnet 23, and a mirror portion 24. The
shaft 21 is arranged to have the rotation axis J1, which
extends in the vertical direction, as a center thereof. The
rotor holder 22 is fixed to the shaft 21, and is arranged
to rotate about the rotation axis J1. The mirror portion 24
is fixed to an upper end portion of the shaft 21.

[0013] Therotor holder 22 preferably includes an outer
cylindrical portion 221, a cover portion 222, and an inner
cylindrical portion 223. An outer circumferential surface
of the rotor magnet 23 is fixed to an inner circumferential
surface of the outer cylindrical portion 221. The cover
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portion 222 is preferably a flat plate extending from the
outer cylindrical portion 221 toward the rotation axis J1.
The inner cylindrical portion 223 extends axially down-
ward from an inner edge of the cover portion 222. An
inner circumferential surface of the inner cylindrical por-
tion 223 is fixed to an outer circumferential surface of the
shaft21. Note that the rotor holder 22 may not necessarily
be directly fixed to the shaft 21, but may instead be indi-
rectly fixed to the shaft 21, for example, with another
member fixed to the shaft 21 intervening therebetween.
[0014] The stationary portion 3 preferably includes a
cylindrical or substantially cylindrical sleeve 31, a hous-
ing 32, a stator 33, a mounting plate 34 in or substantially
in the shape of a flat plate, a circuit board 35, a first de-
tection sensor 36, and a second detection sensor 37. An
inner circumferential surface of the sleeve 31, which is a
bearing mechanism, is arranged to support a lower end
portion of the shaft 21, i.e., one end portion of the shaft
21, such that the shaft 21 is rotatable about the rotation
axis J1. The sleeve 31 is preferably made of a sintered
material, for example. The housing 32 preferably in-
cludes a cylindrical portion 321 and a bottom portion 322.
An inner circumferential surface of the cylindrical portion
321 is arranged to hold an outer circumferential surface
of the sleeve 31. The bottom portion 322 is arranged to
close a bottom portion of the cylindrical portion 321. An
inner circumferential surface of the stator 33 is fixed to
an outer circumferential surface of the cylindrical portion
321 of the housing 32. The stator 33 is arranged radially
inside the rotor magnet 23. An outer circumferential sur-
face ofthe stator 33 is arranged radially opposite an inner
circumferential surface of the rotor magnet 23. As de-
scribed above, a so-called outer-rotor motor is construct-
edinthe mirror rotating apparatus 1. Note that a so-called
inner-rotor motor may alternatively be constructed in the
mirror rotating apparatus 1 if so desired.

[0015] The mounting plate 34 is arranged axially below
the stator 33. The mounting plate 34 includes an inner
circumferential surface fixed to the outer circumferential
surface of the cylindrical portion 321 of the housing 32.
The circuit board 35 is arranged on an upper surface of
the mounting plate 34. Each of the first detection sensor
36 and the second detection sensor 37 is preferably in-
serted in through holes defined in the mounting plate 34
and the circuit board 35, and is fixed to both the mounting
plate 34 and the circuit board 35. Depending a shape of
the mirror rotating apparatus 1, each of the first detection
sensor 36 and the second detection sensor 37 may al-
ternatively be fixed to an upper surface of the circuit board
35.

[0016] The first detection sensor 36 is preferably ar-
ranged radially outward of the rotor holder 22, and is ar-
ranged opposite to a lower surface 242 of the mirror por-
tion 24. The first detection sensor 36 is configured to emit
light toward the lower surface 242 and receive the light
reflected from the lower surface 242. The second detec-
tion sensor 37 is also preferably arranged radially out-
ward of the rotor holder 22, and is arranged opposite to
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the lower surface 242 of the mirror portion 24. Similar to
the first detection sensor 36, the second detection sensor
37 is configured to emit light toward the lower surface
242 and receive the light reflected from the lower surface
242. Each of the first detection sensor 36 and the second
detection sensor 37 is configured to detect a change in
intensity of the reflected light, that is, a change in reflec-
tivity in a region to which the light is emitted.

[0017] Once a current is supplied from an external
power supply (not shown) to the stator 33, a magnetic
field opposed to the rotor magnet 23 is generated around
the stator 33. Magneticinteraction between this magnetic
field and the rotor magnet 23 produces a force which
drives the rotating portion 2 to rotate about the rotation
axis J1. At this time, as described below, rotation of the
mirror portion 24 is detected by the first detection sensor
36 and the second detection sensor 37 which emit the
light toward the lower surface 242. Thus, the lower sur-
face 242 of the mirror portion 24 defines a rotation de-
tection surface.

[0018] Fig. 2 is a plan view of the mirror portion 24.
Referring to Fig. 1, the mirror portion 24 includes the low-
er surface 242, which is arranged to extend perpendic-
ularly or substantially perpendicularly to the axial direc-
tion, an upper surface 243 parallel or substantially par-
allel to the lower surface 242, and a through hole 249
centered on the rotation axis J1. The upper end portion
ofthe shaft21, which projects upward from the rotor hold-
er 22 toward the mirror portion 24, is preferably press
fitted, for example, into the through hole 249 to be fixed
to the mirror portion 24. Note that the shaft 21 may be
fixed to the mirror portion 24 through other methods such
as, adhesion, ultrasonic welding, etc.

[0019] As illustrated in Fig. 2, the lower surface 242 is
preferably arranged to have a rectangular or substantially
rectangular external shape with the rotation axis J1 as a
center, when viewed along the rotation axis J1, that is,
in a plan view. In the plan view, the external shape of the
upper surface 243 is rectangular, and the entire upper
surface 243 is included in the lower surface 242. Each
of four sides of the rectangular or substantially rectangu-
lar upper surface 243 is preferably parallel or substan-
tially parallel to a corresponding one of four sides of the
rectangular lower surface 242. A center of the upper sur-
face 243 is spaced away from the rotation axis J1.
[0020] The mirror portion 24 includes four outside sur-
faces 26 each of which is arranged to face radially out-
ward. Referring to Fig. 1, each outside surface 26 pref-
erably includes a lower side surface 261 and an upper
side surface 262. The lower side surface 261 preferably
is a rectangular or substantially rectangular flat surface
extending upward from one side of the lower surface 242
in parallel or substantially in parallel with the rotation axis
J1. Each of the four lower side surfaces 261 extending
from the respective four sides of the lower surface 242
is preferably arranged to have the same axial dimension.
The upper side surface 262 is a flat surface extending
from an upper side of the lower side surface 261 obliquely
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with respect to the rotation axis J1, and is joined to one
side of the upper surface 243. As illustrated in Fig. 2,
each of the four upper side surfaces 262 is joined to a
separate one of the four sides of the upper surface 243.
In Fig. 2, one of the upper side surfaces 262 is denoted
by reference symbol "262a". As described above, the
mirror portion 24 includes a portion in or substantially in
the shape of a quadrangular prism and surrounded by
the four lower side surfaces 261, and a portion in or sub-
stantially in the shape of a prismoid and surrounded by
the four upper side surfaces 262. Each upper side surface
262 is subjected to a predetermined mirror finishing proc-
ess. Hereinafter, each upper side surface 262 will be re-
ferred to as a "mirror surface" 262. Note that the upper
surface 243 may alternatively be in the shape of a poly-
gon other than a quadrilateral. In this case, a plurality of
mirror surfaces 262 are joined to all sides of the polygon,
respectively.

[0021] Every two circumferentially adjacent mirror sur-
faces 262 have a boundary portion 263 therebetween.
Each boundary portion 263 of the mirror portion 24 illus-
trated in Fig. 2 is a side shared by the two circumferen-
tially adjacent mirror surfaces 262. Note that the bound-
ary portion 263 may be a line-shaped surface having a
uniform width and arranged between the two adjacent
mirror surfaces 262. Such a surface may preferably be
obtained, for example, by performing a chamfering proc-
ess on a corner portion between the two mirror surfaces
262.

[0022] In the mirror portion 24 illustrated in Fig. 2, the
center of the upper surface 243 is spaced away from the
rotation axis J1, that is, the center of the lower surface
242, by different distances in two directions along two
sides of the rectangular upper surface 243 perpendicular
or substantially perpendicular to each other. Accordingly,
assuming that an angle at which each mirror surface 262
is inclined with respect to the rotation axis J1 is defined
as a surface inclination angle, the surface inclination an-
gle of each of the mirror surfaces 262 is preferably dif-
ferent. In practice, the surface inclination angle of the
mirror surface 262 becomes smaller as the distance be-
tween the two parallel sides of the mirror surface 262,
that is, the sides which are not the boundary portions
263, as measured in a direction perpendicular to the ro-
tation axis J1 becomes shorter. In the mirror portion 24
illustrated in Fig. 2, the mirror surface 262a on an upper
side in Fig. 2 has the smallest surface inclination angle,
and the mirror surface 262 on a left-hand side, the mirror
surface 262 on a lower side, and the mirror surface 262
on a right-hand side in Fig. 2 have progressively greater
surface inclination angles in the order named. In addition,
each of the mirror surfaces 262 preferably has a different
shape when viewed along a normal to the mirror surface
262.

[0023] Fig. 3 is a bottom view of the mirror portion 24.
The lower surface 242 of the mirror portion 24 preferably
includes a recessed portion 25, one groove 27 arranged
to extend in a circumferential direction, and a plurality of
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auxiliary grooves 28. The lower surface 242 is subjected
to the mirror finishing process, and light reflectivity is high
in a region excluding the recessed portion 25, the groove
27, and the auxiliary grooves 28. Referring to Fig. 1, the
recessed portion 25 preferably includes a cylindrical in-
ner circumferential surface 251 centered on the rotation
axis J1, and a top surface 252 perpendicular to the rota-
tion axis J1. The inner circumferential surface 251 is ar-
ranged radially opposite the outer cylindrical portion 221.
The top surface 252 is arranged axially opposite the cover
portion 222.

[0024] Referring to Fig. 3, an edge 271 of the groove
27 at one circumferential end is straight, and extends in
a radial direction centered on the rotation axis J1. The
mirror portion 24 is configured to rotate in a clockwise
direction about the rotation axis J1 in Fig. 3. The edge
271 is a forward edge of the groove 27 with respect to a
rotation direction of the mirror portion 24. The groove 27
is preferably arranged to overlap with the mirror surface
262a having the smallest surface inclination angle in a
plan view. In addition, the groove 27 is also preferably
arranged to overlap with the mirror surface 262 having
the second smallest surface inclination angle, that is, the
mirror surface 262 on a left-hand side in Fig. 3.

[0025] Here, a predetermined cross section of the mir-
ror portion 24 perpendicular to the rotation axis J1 and
taken above the lower side surface 261 is defined as a
cross section S1. In Fig. 3, the external shape of the cross
section S1 is represented by a rectangle drawn in a chain
double-dashed line denoted by reference symbol "S1".
The distance between the rotation axis J1 and the bound-
ary portion 263 between each pair of two circumferen-
tially adjacent mirror surfaces 262 of the plurality of mirror
surfaces 262 is defined as a "boundary-axis distance".
In the cross section S1, the boundary-axis distance is
different with respect to each boundary portion 263.
[0026] If the groove 27 were not provided, the center
of gravity of the mirror portion 24 would be spaced away
from the rotation axis J1 toward the mirror surface 262a
having the smallest surface inclination angle and the mir-
ror surface 262 having the second smallest surface in-
clination angle. In other words, in the cross section S1,
the center of gravity of the mirror portion 24 would be
displaced toward the boundary portion 263a with respect
to which the boundary-axis distance is the greatest. Here-
inafter, the boundary portion 263a with respect to which
the boundary-axis distance is the greatest will be referred
to also as a "farthestboundary portion" 263a. In the actual
mirror portion 24, the groove 27 is arranged on a side of
the rotation axis J1 closer to the farthest boundary portion
263a. Provision of the groove 27 moves the center of
gravity of the mirror portion 24 closer to the rotation axis
J1 when compared to a case where the groove 27 is not
provided. As described above, the groove 27 in the mirror
portion 24 illustrated in Fig. 3 serves as a balance cor-
rection portion to move the center of gravity of the mirror
portion 24 closer to the rotation axis J1. From the view-
point of balance correction, atleast a portion of the groove
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27 is preferably arranged in a region in the lower surface
242, the region extending in each circumferential direc-
tion by an angular range of about 90 degrees from a line
which joins the rotation axis J1 and the farthest boundary
portion 263a in the cross section S1. The groove 27 is
defined, for example, by a cutting process.

[0027] The auxiliary grooves 28 are arranged in the
circumferential direction in the lower surface 242 such
that each auxiliary groove 28 is arranged at a radial po-
sition different from that of the groove 27. The number
of auxiliary grooves 28 included in the mirror portion 24
is equal to the number of mirror surfaces 262. Each of
the auxiliary grooves 28 is preferably defined, for exam-
ple, by a cutting process. Each auxiliary groove 28 is
arranged to overlap with one of the boundary portions
263 in a plan view. In more detail, each auxiliary groove
28 includes two straight edges each of which is arranged
to extend along the boundary portion 263 in the plan view.
Of the two straight edges, an edge 281 of the auxiliary
groove 28 which is forward with respect to the rotation
direction of the mirror portion 24 is arranged to axially
overlap with the boundary portion 263. One of the auxil-
iary grooves 28 is continuous with the groove 27. The
auxiliary grooves 28 are preferably arranged evenly or
substantially evenly in the circumferential direction, and
therefore, provision of the auxiliary grooves 28 does not
cause a significant movement of the center of gravity of
the mirror portion 24. In the mirror portion 24 according
to a preferred embodiment of the present invention, the
center of gravity of the mirror portion 24 lies on or sub-
stantially on the rotation axis J1, with the groove 27 and
the auxiliary grooves 28 defined in the mirror portion 24.
[0028] Referring to Fig. 1, in the mirror rotating appa-
ratus 1, the groove 27 is arranged at the same radial
position as that of the first detection sensor 36. Therefore,
rotation of the rotating portion 2 causes the groove 27 to
pass a region on the lower surface 242 to which the light
is emitted from the first detection sensor 36. Accordingly,
as illustrated in a lower portion of Fig. 4, one pulse P1 is
outputted from the first detection sensor 36 in a period
T1 during which the rotating portion 2 rotates one time.
The pulse P1 occurs only in a partial angular range in
the circumferential direction, and can therefore be said
to be uneven in the circumferential direction.

[0029] In addition, each of the auxiliary grooves 28 is
arranged at the same radial position as that of the second
detection sensor 37. Therefore, the rotation of the rotat-
ing portion 2 causes the auxiliary grooves 28 to succes-
sively pass a region on the lower surface 242 to which
the light is emitted from the second detection sensor 37.
Accordingly, as illustrated in an upper portion of Fig. 4,
four pulses P2 are outputted from the second detection
sensor 37 in the period T1 during which the rotating por-
tion 2 rotates one time. The circumferential angular po-
sition of each of the auxiliary grooves 28 with respect to
a predetermined reference position on the lower surface
242 is previously known. Therefore, the pulse P2, which
occurs for each auxiliary groove 28, indicates a rotation
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angle of the mirror portion 24. Thus, the auxiliary grooves
28 define and serve as a plurality of rotation angle indi-
cating portions. In the mirror portion 24 illustrated in Fig.
3, each of the auxiliary grooves 28 indicates the angular
position of a separate one of the boundary portions 263.
Accordingly, the pulse P2 obtained by the second detec-
tion sensor 37 indicates a change in the mirror surfaces
262 at the position of the second detection sensor 37.
[0030] As described above, in the mirror rotating ap-
paratus 1, one rotation of the rotating portion 2 is detected
as a result of the groove 27, which defines and serves
as the balance correction portion as well, passing the
region to which the light is emitted from the first detection
sensor 36. Thus, by using the groove 27, which is also
used for the purpose of balance correction, to detect the
rotation of the rotating portion 2, areduction in the number
of parts of the mirror rotating apparatus 1 is achieved
compared to a case where another member, such as, for
example, a magnet, is attached to the lower surface 242
as a portion to be detected. Moreover, a reduction in the
number of steps in a process of manufacturing the mirror
rotating apparatus 1 is also achieved compared to the
case where the other member is attached to the lower
surface 242 as the portion to be detected, or the case
where, for example, a predetermined pattern is printed
on the lower surface 242. This leads to a reduction in a
production cost of the mirror rotating apparatus 1. Fur-
ther, the auxiliary grooves 28 and the second detection
sensor 37 are preferably provided in the mirror rotating
apparatus 1. The changes in the mirror surfaces 262 are
easily detected by the auxiliary grooves 28 successively
passing the region to which the light is emitted from the
second detection sensor 37.

[0031] In the mirror rotating apparatus 1 illustrated in
Fig. 1, the mirror portion 24 is fixed to the shaft 21, and
this makes it easy for a center of the rotation of the mirror
portion 24 to coincide with that of the shaft 21, that is, to
improve concentricity of the mirror portion 24 with the
rotation axis J1. In addition, most of the rotor holder 22
is arranged inside the recessed portion 25 of the mirror
portion 24, which opens toward the rotor holder 22. This
leads to a reduction in the thickness of the mirror rotating
apparatus 1.

[0032] Referring to Fig. 5, according to a modification
of the first preferred embodiment, an outer circumferen-
tial surface of a rotor holder 22 preferably is fixed to an
inner circumferential surface 251 of a recessed portion
25 of a mirror portion 24. In this case, the mirror portion
24 is securely fixed to the rotor holder 22 over a large
area of the inner circumferential surface 251 of the re-
cessed portion 25. As a result, a reduction in vibrations
of the mirror portion 24 is achieved. In a modification of
a mirror rotating apparatus 1a, which will be described
below, an outer circumferential surface of a rotor holder
22 preferably is fixed to an inner circumferential surface
251 of a recessed portion 25 of a mirror portion 24.
[0033] Fig. 6 is a vertical cross-sectional view of the
mirror rotating apparatus 1a according to a second pre-
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ferred embodiment of the present invention. The mirror
rotating apparatus 1aillustrated in Fig. 6 is different from
the mirror rotating apparatus 1 illustrated in Fig. 1 in that
one projection 27a and a plurality of auxiliary projections
28a are preferably provided in place of the groove 27 and
the auxiliary grooves 28, respectively. The mirror rotating
apparatus 1a illustrated in Fig. 6 is preferably otherwise
similar in structure to the mirror rotating apparatus 1 il-
lustrated in Fig. 1. Accordingly, like members or portions
are designated by like reference numerals, and redun-
dant description is omitted.

[0034] Fig. 7 is a bottom view of the mirror portion 24.
The one projection 27a, which is arranged to extend in
the circumferential direction, and the plurality of auxiliary
projections 28a are provided in a lower surface 242 of a
mirror portion 24. Each of the projection 27a and the aux-
iliary projections 28a is arranged to project downward
from the lower surface 242. The projection 27a is ar-
ranged to overlap with a mirror surface 262 having the
greatest surface inclination angle, that is, the mirror sur-
face 262 on a right-hand side in Fig. 7, in a plan view. In
addition, the projection 27a is arranged to overlap also
with a mirror surface 262 having the second greatest sur-
face inclination angle, that is, the mirror surface 262 on
an upper side in Fig. 7.

[0035] Here,as with the case of Fig. 3, a predetermined
cross section of the mirror portion 24 perpendicular to a
rotation axis J1 is defined as a cross section S1. If the
projection 27a were not provided, the center of gravity of
the mirror portion 24 would be displaced toward a bound-
ary portion 263a with respect to which the boundary-axis
distance is the greatest in the cross section S1. Accord-
ingly, in the mirror portion 24 illustrated in Fig. 7, the pro-
jection 27a is provided on an opposite side of the rotation
axis J1 with respect to the above boundary portion 263a.
Hereinafter, a boundary portion 263b with respect to
which the boundary-axis distance is the smallest will be
referred to as a "closest boundary portion" 263b. The
projection 27a is preferably arranged on a side of the
rotation axis J1 closer to the closest boundary portion
263b. Provision of the projection 27a moves the center
of gravity of the mirror portion 24 closer to the rotation
axis J1 when compared to the case where the projection
27a is not provided. As described above, the projection
27a in the mirror portion 24 illustrated in Fig. 7 serves as
abalance correction portion to move the center of gravity
of the mirror portion 24 closer to the rotation axis J1. From
the viewpoint of balance correction, at least a portion of
the projection 27a is preferably arranged in a region in
the lower surface 242, the region extending in each cir-
cumferential direction by an angular range of about 90
degrees from a line which joins the rotation axis J1 and
the closest boundary portion 263b in the cross section
S1. The auxiliary projections 28a are arranged at the
same positions as those of the auxiliary grooves 28 illus-
trated in Fig. 3. Moreover, each of the auxiliary projec-
tions 28a preferably have the same shape as that of each
of the auxiliary grooves 28 illustrated in Fig. 3 in a plan
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view.

[0036] Referring to Fig. 6, the projection 27a is prefer-
ably arranged at the same radial position as that of a first
detection sensor 36. Therefore, rotation of a rotating por-
tion 2 causes the projection 27a to pass a region on the
lower surface 242 to which light is emitted from the first
detection sensor 36. Accordingly, one pulse is outputted
from the first detection sensor 36 in a period during which
the rotating portion 2 rotates one time. In addition, each
of the auxiliary projections 28a is preferably arranged at
the same radial position as that of a second detection
sensor 37. Therefore, the rotation of the rotating portion
2 causes the auxiliary projections 28a to successively
pass a region on the lower surface 242 to which light is
emitted from the second detection sensor 37. According-
ly, four pulses are outputted from the second detection
sensor 37 in the period during which the rotating portion
2rotates one time. Similar to each of the auxiliary grooves
28 illustrated in Fig. 3, each of the auxiliary projections
28a also serves as a rotation angle indicating portion.
[0037] As described above, in the mirror rotating ap-
paratus 1a, one rotation of the rotating portion 2 is de-
tected as a result of the projection 27a, which also serves
as the balance correction portion, passing the region to
which the light is emitted from the first detection sensor
36. Thus, by using the projection 27a, which is also used
for the purpose of balance correction, to detect the rota-
tion of the rotating portion 2, a reduction in the number
of parts of the mirror rotating apparatus 1a is achieved,
and a reduction in a production cost of the mirror rotating
apparatus 1a is achieved. Further, the auxiliary projec-
tions 28a and the second detection sensor 37 are pro-
vided in the mirror rotating apparatus 1a. Changes in the
mirror surfaces 262 are easily detected by the auxiliary
projections 28a successively passing the region to which
the light is emitted from the second detection sensor 37.
[0038] Note that the structure of each of the above-
described mirror rotating apparatuses 1 and 1a may be
modified in a variety of manners.

[0039] The above-described method of using the bal-
ance correction portion to detect the rotation of the rotat-
ing portion 2 is applicable to mirror portions 24 in a variety
of shapes and the center of gravity of which is positioned
away from the rotation axis J1 in the case where the
balance correction portion is not provided therein. For
example, in a mirror portion 24 in which an angle at which
one of a plurality of mirror surface 262 is inclined with
respect to the rotation axis J1 is different from an angle
at which at least one of the other mirror surfaces 262 is
inclined with respect to the rotation axis J1, the center of
gravity of the mirror portion 24 tends to be located away
from the rotation axis J1. In addition, also in a mirror por-
tion 24 in which one of a plurality of mirror surfaces 262
is different in shape from at least one of the other mirror
surfaces 262, the center of gravity of the mirror portion
24 tends to be spaced away from the rotation axis J1.
Therefore, for these mirror portions 24, provision of the
balance correction portion and use of the balance cor-
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rection portion to detect the rotation of the rotating portion
2 are suitable.

[0040] In addition, the above-described method is also
applicable to a mirror portion 24 each of whose mirror
surfaces 262 has the same shape and the same surface
inclination angle and in which a rotation axis J1 is dis-
placed from a center of the mirror portion 24. Note that
the external shape of each mirror portion 24 in a plan
view may not necessarily be quadrilateral. Also note that
the number of mirror surfaces 262 included in the mirror
portion 24 may be three or more than four, if so desired.
[0041] Note that, in a modification of each of the mirror
rotating apparatuses 1 and 1a, a plurality of grooves 27
or a plurality of projections 27a may also be defined in
the mirror portion 24 depending on a mode of balance
correction in the mirror rotating apparatus 1 or 1a. In this
case, the plurality of grooves 27 or the plurality of pro-
jections 27a define and serve as a plurality of balance
correction portions to move the center of gravity of the
mirror portion 24 closer to the rotation axis J1 than in the
case where the plurality of balance correction portions
are not provided. Moreover, one rotation of the rotating
portion 2 is detected by the first detection sensor 36
based on a plurality of pulses due to the plurality of bal-
ance correction portions. Note that, from the viewpoint
of easily detecting one rotation of the rotating portion 2
and a home position of the rotating portion 2 with the first
detection sensor 36, it is preferable that the rotation of
the rotating portion 2 should cause only one balance cor-
rection portion to pass the region to which the light is
emitted from the first detection sensor 36.

[0042] Note that, depending on a shape of the mirror
rotating apparatus, the balance correction portion(s) may
alternatively be provided in the inner circumferential sur-
face 251 of the recessed portion 25 or the lower side
surface (s) 261 of the mirror portion 24, if so desired. In
this case, the first detection sensor 36 is configured such
that the first detection sensor 36 is capable of emitting
light toward the inner circumferential surface 251 or the
lower side surface(s) 261, i.e., the rotation detection sur-
face, and receiving the light reflected therefrom. Also
note that the rotation angle indicating portions may also
be provided in the inner circumferential surface 251 of
the recessed portion 25 or the lower side surfaces 261.
In this case, the rotation angle indicating portions are
arranged in the circumferential direction such that each
of the rotation angle indicating portions is arranged at an
axial position different from that of the balance correction
portion(s).

[0043] Note that, in the mirror rotating apparatus 1 il-
lustrated in Fig. 1, the plurality of auxiliary grooves 28
may be replaced with the plurality of auxiliary projections
28a. Also note that, in the mirror rotating apparatus 1a
illustrated in Fig. 6, the plurality of auxiliary projections
28amay be replaced with the plurality of auxiliary grooves
28. Also note that, in each of the mirror rotating appara-
tuses 1 and 1a, both an auxiliary groove(s) 28 and an
auxiliary projection(s) 28a may be provided, if so desired.
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[0044] Here, in the predetermined cross section S1 of
the mirror portion 24 perpendicular to the rotation axis
J1,aline which joins the rotation axis J1 and the boundary
portion 263 between each pair of two circumferentially
adjacent mirror surfaces 262 of the plurality of mirror sur-
faces 262 is defined as a "boundary-axis imaginary line".
In addition, each of the auxiliary grooves 28 and the aux-
iliary projections 28a is referred to as the "rotation angle
indicating portion". In this case, regarding the mirror por-
tion 24, it is preferable that a circumferential angle be-
tween the boundary-axis imaginary line for each of the
plurality of boundary portions 263 and the rotation angle
indicating portion adjacent, in a clockwise direction, to
the boundary-axis imaginary line for the boundary portion
263 should be equal. This makes it possible to detect a
change in the mirror surfaces 262 at a predetermined
position. More preferably, as in each of the mirror rotating
apparatuses 1 and 1a, in the lower surface 242 of the
mirror portion 24, each of the plurality of rotation angle
indicating portions is arranged on a separate one of the
plurality of boundary-axis imaginary lines in a plan view.
This makes it easy to detect a change in the mirror sur-
faces 262.

[0045] Note thatthe number of rotation angle indicating
portions provided in the mirror portion 24 may be different
from the number of mirror surfaces 262 of the mirror por-
tion 24. For example, in a mirror portion 24 including four
mirror surfaces 262, six rotation angle indicating portions
may be arranged at equal or substantially equal angular
intervals in the circumferential direction, if so desired. In
this case, the rotation angle of the mirror portion 24 is
detected based on the plurality of rotation angle indicat-
ing portions. Moreover, because angular positions at
which changes in the mirror surfaces 262 occur are pre-
viously known, itis possible to indirectly detect the chang-
es in the mirror surfaces 262.

[0046] From the viewpoint of reducing the thickness of
each of the mirror rotating apparatuses 1 and 1a, it is
preferable that at least a portion of the rotor holder 22
should be arranged inside the recessed portion 25. More-
over, it is also preferable that each of the balance cor-
rection portion(s) and the rotation angle indicating por-
tions should be arranged at an axial level lower than an
axial level of the cover portion 222 of the rotor holder 22,
that is, on a side of the cover portion 222 of the rotor
holder 22 closer to the one end portion of the shaft 21 at
which the shaft 21 is supported by the stationary portion
3.

[0047] Note that features of the above-described pre-
ferred embodiments and the modifications thereof may
be combined appropriately as long as no conflict arises.
[0048] Mirror rotating apparatuses according to pre-
ferred embodiments of the presentinvention can be used
in a variety of applications.

[0049] While preferred embodiments of the presentin-
vention have been described above, itis to be understood
that variations and modifications will be apparent to those
skilled in the art without departing from the scope and
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spirit of the present invention. The scope of the present
invention, therefore, is to be determined solely by the
following claims.

Claims
1. A mirror rotating apparatus comprising:

a stationary portion (3); and

a rotating portion (2) configured to rotate about
a rotation axis (J1) extending in a vertical direc-
tion with respect to the stationary portion (3);
wherein

the stationary portion (3) includes:

a stator (33); and
a detection sensor (36) configured to detect
rotation of the rotating portion (2);

the rotating portion (2) includes:

a rotor magnet (23) arranged radially oppo-
site to the stator (33); and

a mirror portion (24) whose outside surface
includes a plurality of mirror surfaces (262)
each of which is arranged to face radially
outward;

the mirror portion (24) includes:

a rotation detection surface (261) arranged
opposite to the detection sensor (36); and
a balance correction portion (27, 27a) de-
fined by a groove (27) or a projection (27a)
extending in a circumferential direction in
the rotation detection surface (261);

the balance correction portion (27, 27a) is ar-
ranged such that a center of gravity of the mirror
portion (24) is closer to the rotation axis (J1) as
compared to a case where the balance correc-
tion portion (27, 27a) is not provided;

the detection sensor (36) is configured to emit
light toward the rotation detection surface (261)
and receive the light reflected from the rotation
detection surface (261); and

the rotation of the rotating portion (2) causes the
balance correction portion (27, 27a) to pass a
region to which the light is emitted from the de-
tection sensor (36).

2. The mirror rotating apparatus according to claim 1,
wherein
the balance correction portion is defined by the
groove (27); and
assuming that a distance between the rotation axis
(J1) and a boundary portion between each pair of
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two circumferentially adjacent mirror surfaces (262)
of the plurality of mirror surfaces (262) is defined as
a boundary-axis distance, at least a portion of the
balance correction portion (27) is located in a region
in the rotation detection surface (261), the region ex-
tending in each circumferential direction by an an-
gular range of about 90 degrees from a line joining
the rotation axis (J1) and the boundary portion with
respect to which the boundary-axis distance is great-
est in a predetermined cross section of the mirror
portion (24) perpendicular or substantially perpen-
dicular to the rotation axis (J1).

The mirror rotating apparatus according to claim 1,
wherein

the balance correction portion is defined by the pro-
jection (27a); and

assuming that a distance between the rotation axis
(J1) and a boundary portion between each pair of
two circumferentially adjacent mirror surfaces (262)
of the plurality of mirror surfaces (262) is defined as
a boundary-axis distance, at least a portion of the
balance correction portion (27a) is located in aregion
in the rotation detection surface (261), the region ex-
tending in each circumferential direction by an an-
gular range of about 90 degrees from a line joining
the rotation axis (J1) and the boundary portion with
respect to which the boundary-axis distance is small-
est in a predetermined cross section of the mirror
portion (24) perpendicular or substantially perpen-
dicular to the rotation axis (J1).

The mirror rotating apparatus according to claim 2
or 3, wherein, in the predetermined cross section,
the boundary-axis distance is different with respect
to each boundary portion.

The mirror rotating apparatus according to claim 4,
wherein each of the plurality of mirror surfaces (262)
includes a flat surface inclined with respect to the
rotation axis (J1).

The mirror rotating apparatus according to claim 5,
wherein an angle at which one of the plurality of mir-
ror surfaces (262) is inclined with respect to the ro-
tation axis (J1) is different from an angle at which at
least one of the other mirror surfaces is (262) inclined
with respect to the rotation axis (J1).

The mirror rotating apparatus according to claim 6,
wherein at least one of the plurality of mirror surfaces
(262) has a shape different from a shape of at least
one of the other mirror surfaces (262).

The mirror rotating apparatus according to claim 7,
wherein the balance correction portion (27, 27a) is
one in number.
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9.

10.

1.

12.

The mirror rotating apparatus according to claim 1,
wherein

the mirror portion (24) further includes, as a plurality
of rotation angle indicating portions, a plurality of
auxiliary grooves (28) arranged in a circumferential
direction in the rotation detection surface (26 1), each
auxiliary groove (28) being arranged at a radial po-
sition different from a radial position of the balance
correction portion (27, 27a) or at an axial position
different from an axial position of the balance cor-
rection portion (27, 27a);

the stationary portion (3) further includes another de-
tection sensor (37);

the another detection sensor (37) is configured to
emit light toward the rotation detection surface (261)
and receive the light reflected from the rotation de-
tection surface (261); and

the rotation of the rotating portion (2) causes each
of the plurality of rotation angle indicating portions
to pass a region to which the light is emitted from the
other detection sensor (36).

The mirror rotating apparatus according to claim 9,
wherein, assuming thataline joining the rotation axis
(J1) and a boundary portion between each pair of
two circumferentially adjacent mirror surfaces (262)
of the plurality of mirror surfaces (262) in a predeter-
mined cross section of the mirror portion (24) per-
pendicular or substantially perpendicular to the ro-
tation axis (J1) is defined as a boundary-axis imag-
inary line, a circumferential angle between the
boundary-axis imaginary line for each boundary por-
tion and the rotation angle indicating portion adja-
cent, in a clockwise direction, to the boundary-axis
imaginary line for the boundary portion in the prede-
termined cross section is equal.

The mirror rotating apparatus according to claim 10,
wherein, in the rotation detection surface (261), each
of the plurality of rotation angle indicating portions is
arranged on a separate one of the boundary-axis
imaginary lines in a plan view.

The mirror rotating apparatus according to claim 11,
wherein
the rotating portion (2) further includes:

a rotor holder (22) which is in or substantially in
a shape of a covered cylinder and to which the
rotor magnet (23) is fixed, the rotor holder (22)
including a cover portion (222); and

a shaft (21) arranged to have the rotation axis
(J1) as a center thereof, and fixed to the rotor
holder (22);

the stationary portion (3) is arranged to support one
end portion of the shaft (21) such that the shaft (21)
is rotatable;
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14.

15.
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an opposite end portion of the shaft (21) projects
from the rotor holder (22) toward the mirror portion
(24), and is fixed to the mirror portion (24); and

the detection sensor (36) is arranged radially out-
ward of the rotor holder (22).

The mirror rotating apparatus according to claim 12,
wherein

the mirror portion (24) includes a recessed portion
(25) arranged to be open toward the rotor holder (22);
and

the rotor magnet (23) is fixed to an inner circumfer-
ential surface (251) of the rotor holder (22) and is
arranged radially opposite to the stator (33), and at
least a portion of the rotor holder (22) is arranged
inside the recessed portion (25).

The mirror rotating apparatus according to claim 11,
wherein
the rotating portion (2) further includes:

a rotor holder (22) in or substantially in a shape
of a covered cylinder, and including an inner cir-
cumferential surface (251) to which the rotor
magnet (23) is fixed, the rotor holder (22) includ-
ing a cover portion (222); and

a shaft (21) arranged to have the rotation axis
(J1) as a center thereof, and fixed to the rotor
holder (22);

the stationary portion (3) is arranged to support one
end portion of the shaft (21) such that the shaft (21)
is rotatable;

the mirror portion (24) includes a recessed portion
(25) arranged to be open toward the rotor holder (22);
an outer circumferential surface of the rotor holder
(22) is fixed to an inner circumferential surface (251)
of the recessed portion (25); and

the detection sensor (36) is arranged radially out-
ward of the rotor holder (22).

The mirror rotating apparatus according to claim 13
or 14, wherein the balance correction portion (27,
27a) is arranged on a side of the cover portion (222)
of the rotor holder (22) closer to the one end portion
of the shaft (21).
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